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Description 

[0001] The present invention relates to the application 
of aluminide coatings to superailoys, in particular single 
crystal superailoys. 5 
[0002] Single crystal superailoys have been devel- 
oped for gas turbine engine turbine blades and turbine 
vanes to provide optimum high temperature strength for 
the turbine blades and turbine vanes. However, the 
changes in the composition of the single crystal super- 
alloys compared to the composition of earlier superai- 
loys has resulted in these single crystal superailoys ex- 
periencing increased surface degradation. In addrtion 
there is a requirement for the turbine blades and turbine 
vanes to have longer service lives. Thus these single 
crystal superalloy turbine blades and turbine vanes are 
not providing satisfactory service lives due to their deg- 
radation by con'osion and oxidation. 
[0003] These single crystal superailoys generally 
comprise rhenium, for example 2 to 8 wt% together with 
relatively high levels of tungsten and tantalum to obtain 
the high temperature strength characteristics. These 
single crystal superailoys are very strong at high tem- 
peratures due to the benefits of the rhenium, tungsten 
and tantalum. 

[0004] In order to increase the service lives of single 
crystal turbine blades and turbine vanes it is desirable 
to protect the surface of the single crystal turbine blades 
or turbine vanes with a protective coating. One known 
type of protective coating which Is commonly applied to 
turbine blades and turbine vanes is a platinum aluminide 
coating. The platinum aluminide coatings are applied by 
firstly coating the turbine blades, or turbine vanes, with 
platinum and by secondly aluminising the platinum coat- 
ed turbine blades, orturbine vanes, using an aluminising 
processes. The aluminising process may be by pack 
aluminising process, by the out of pack gas phase alu- 
minising process, by chemical vapour deposition or by 
other processes well known to those skilled in the art. 
[0005] However, It has been found that If high rhenium 
containing single crystal superalloy turbine blades, or 
turbine vanes, are platinum aluminised using conven- 
tional processes topologically close packed phases are 
formed at the interface between the coating and the sin- 
gle crystal superalloy. High rhenium containing single 
crystal superailoys are those containing more than 4 
wt% rhenium. These topologically close packed phases 
arefomned directly following aluminising orfollowing ex- 
posure to high temperatures. The topologically close 
packed phases contain high levels of rhenium, tungsten 
and chromium compared to the single crystal superal- 
loy, and are more easily fomied with Increasing levels 
of rhenium in the single crystal superalloy. The topolog- 
ically close packed phases increase in amount with in- 
creasing time at high temperatures. The topologically 
close packed phases adversely effect the mechanical 
properties of the single crystal superalloy. Thus it Is not 
possible to use a conventional platinum aluminide coat- 



ing to Increase the resistance to degradation of a high 
rhenium containing single crystal superalloy without de- 
creasing the mechanical properties of the single crystal 
superalloy. 

[0006] Other types of protective coatings which are 
commonly applied to turbine blades and turbine vanes 
are alummide-silicide coatings, platinum alumintde-sili- 
cide coatings, simple aluminide coatings and any other 
suitable aluminide coatings. 
[0007] The aluminide coatings are applied using an 
aluminising process, by the out of pack gas phase alu- 
minising process, by the pack aluminising process, by 
chemical vapour deposition or other processes well 
known to those skilled in the art. 
[0008] One method of producing alumlnlde-slllcide 
coatings is by depositing a silicon filled organic slurry on 
a superalloy surface and then pack aluminising as de- 
scribed In US4310574. The aluminium carries the sili- 
con from the sluny with it as it diffuses Into the superal- 
loy. Another method of producing aluminide-slllcide 
coatings Is by depositing a slurry containing elemental 
aluminium and silteon metal powders to a superalloy 
surface and then heating to above 760 degrees C to melt 
the aluminium and silicon in the slurry, such that they 
react with the superalloy and diffuse Into the superalloy. 
A further method of producing aluminlde-silicide coat- 
ings Is by repeatedly applying the aluminium and silicon 
containing slurry and heat treating as described in 
US6547770. Another method of producing aluminide- 
slllcide coatings Is by applying a sluny of an eutectic 
aluminium-silicon oraslurry of elemental aluminium and 
silicon metal powders to a superalloy surface and diffu- 
sion heat treating to form a surface layer of Increased 
thickness and reduced silicon content, and a layering 
layer which conriprises alternate continuous interieaved 
layers of aluminide and siliclde phases and a diffusion 
interface layer on the superalloy as described in pub- 
lished European patent application No. 0619856A. 
[0009] One method of producing the platinum alumi- 
nide-slllcide coatings Is by coating the superalloy of the 
turbine blades, or turbine vanes, with platinum, then 
heating to diffuse the platinum into the turiDlne blade and 
then simultaneously diffusing aluminium and silicon 
from the molten state into the platinum enrtehed turbine 
blade as described in published international patent ap- 
plication No. W095/23243A. Another method of produc- 
ing platinum alumlnlde-slllcide coatings Is by coating the 
superalloy turbine blades with platinum, then heat treat- 
ing to diffuse the platinum into the turbine blade, a silicon 
layer Is applied and Is then aluminised as described in 
published European patent application No. 0654542A. 
It is also possible to diffuse the silicon Into the turbine 
blade with the platinum as described in EP0654542A. 
A further method of producing platinum aluminide -sili- 
clde coatings Is by electrophoretlcally depositing plati- 
num-silicon powder onto the turtDlne blades, heat treat- 
ing to diffuse platinum and silicon Into the turbine blades, 
electrophoretlcally depositing aluminium and chromium 
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powder and then heat treating to diffuse the aluminium 
and chromium into the turbine blades as described In 
US5057196. 

[001 0] It has been found that if high rhenium contain- 
ing single crystal superalloy turbine blades, or turbine 
vanes, are coated with platinum aluminide-siiiclde coat- 
ings using the method described in W095/23243A that 
topologically close pacl<ed phases are fonned at the in- 
terface between the coating and the single crystal su- 
peralloy. It is believed that If high rhenium containlngsin- 
gle crystal superalloy turbine blades, or turbine vanes, 
are coated with platinum aiuminide-siiicide coatings by 
the other methods described that topologically close 
packed phases will be fonned. 
[0011] It has also been found that if high rhenium con- 
taining single crystal superalloy turbine blades, or tur- 
bine vanes, are coated with aluminlde-silicide coatings 
using the method described in US5547770 that topolog- 
ically close packed phases are fonned at the interface 
between the coating and the single crystal superalloy. It 
is believed that If high rhenium containing single crystal 
superalloy turbine blades, or turbine vanes, are coated 
with aiuminide-slllcide coatings by any of the other suit- 
able methods described that topologically close packed 
phases will be fonned. 

[0012] We believe that it is the high rhenium content 
of the single crystal superalloy which is responsible for 
forming the topologically close packed phases and that 
these phases will be fonned during simple aluminising. 
[0013] Thus additionally It is not possible to use plat- 
inum aluminlde-slliclde coatings, aluminide-siiiclde 
coatings or simple aluminide coatings to Increase the 
resistance to degradation of a high rhenium containing 
single crystal superalloy without decreasing the me- 
chanical properties of the single crystal superalloy. 
[001 4] EP07841 04A discloses a single crystal super- 
alloy which has a platinum aluminide coating fonned by 
depositing a layer of platinum onto the single crystal su- 
peralloy. EP0784104A has a priority date of 22 Decem- 
ber 1 995, a filing date of 1 0 December 1 996 and a pub- 
lication date of 16 July 1997. The single crystal super- 
alloy is subsequently heated to diffuse the platinum Into 
the single crystal superalloy and then the single crystal 
superalloy is aluminlsed to fonn a platinum aluminide 
protective coating or a bond coating for a themial barrier 
coating. 

[0015] EP0545661A discloses a high rhenium con- 
taining single crystal superalloy which has an aluminide 
coating fonned by aluminising. Prior to aluminising car- 
bon is deposited onto the high rhenium containing single 
crystal superalloy and the carbon is reacted with the rhe- 
nium to fonn carbides to prevent the formation of topo- 
logically close packed phases. 
[0016] The present invention seeks to provide a meth- 
od of aluminising a high rhenium containing single crys- 
tal superalloy which overcomes the above mentioned 
problem. 

[0017] Accordingly the present invention provides a 



method of aluminising a high rhenium containing super- 
alloy substrate, the high rhenium containing superalloy 
substrate comprises at Ieast3.5wt% rhenium, the meth- 
od comprising the steps of: 

5 

(a) modifying the surface of the high rhenium con- 
taining superalloy substrate, by applying a layer of 
chromium or cobalt to the surface of the high rhe- 
nium containing superalloy substrate and heat 

10 treating to diffuse the chromium or cobalt into the 
high rhenium containing superalloy substrate to re- 
duce the rhenium content of the surface of the high 
rhenium containing superalloy substrate, and 

(b) aluminising the high rhenium containing super- 
15 alloy substrate to fonn an aluminide coating. The 

essential features of the method are defined in 
claim 1. Preferred embodiments are defined In 
claims 2 to 22. A product obtainable by the method 
according to claim 1 to 22 is claimed In claim 23. 

20 

[0018] The chromium or cobalt modifies the diffusion 
characteristics to reduce the fonnation of the regions of 
high rhenium content. The chromium or cobalt are met- 
als compatible with the superalloy. 

25 [0019] Step (a) may comprise applying the chromium 
or cobalt to the high rhenium containing superalloy sub- 
strate by electroplating, sputtering, pack diffusion, out 
of pack diffusion, chemical vapour deposition or physi- 
cal vapour deposition. 

30 [0020] The invention is particularly applicable to plat- 
inum aluminide coatings, platinum alumlnide-sllicide 
coatings and aiuminide-slllcide coatings, but is general- 
ly applicable to all aluminide coatings on high rhenium 
containing superalloy substrates. 

35 [0021] The present invention will be more fully de- 
scribed by way of examples with reference to the ac- 
companying drawings, in which:- 
[0022] Figure 1 is across-sectional view through a pri- 
or art platinum aluminide coating on a low rhenium con- 

40 talning single crystal superalloy. 

[0023] Figure 2 Is a cross-sectional view through a pri- 
or art platinum aluminide coating on a high rhenium con- 
taining single crystal superalloy. 
[0024] Figure 3 is a cross-sectional view through the 

45 prior art platinum aluminide coating on a high rhenium 
containing single crystal superalloy after ageing at a 
high temperature. 

[0025] Figure 4 is cross-sectional view through a 
chromium modified platinum aluminide coating accord- 
50 ing to the present invention on a high rhenium containing 
single crystal superalloy. 

[0026] Figure 5 Is a cross-sectional view through a co- 
balt modified platinum coating according to the present 
invention on a high rhenium containing single crystal su- 
ss peralloy. 

[0027] Figure 6 is a cross-sectional view through a co- 
balt modified platinum coating according to the present 
Invention on a high rhenium containing single crystal su- 
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peralloy after ageing at a high temperature. 
[0028] In conventional, prior art, platinum aluminising 
process for a single crystal superalloy the single crystal 
superalioy is electroplated with a layer of platinum, and 
the platinum plated single crystal superalloy is heat 
treated in a vacuum to diffuse the platinum Into the sin- 
gle crystal superalloy. The heat treated, platinum plated 
single crystal superalloy is aluminised using pack alu- 
minising, out of contact gas phase aluminising, chemical 
vapour deposition or other suitable process. The alu- 
minised, diffused, platinum plated single crystal super- 
alioy is then heat treated in a protective atmosphere to 
optimise the platinum alumlnlde coating microstnjcture 
and composition and to maximise the mechanical prop- 
erties of the single crystal superalloy. 
[0029] During the heat treatment to diffuse the plati- 
num Into the single crystal superalloy, after deposition 
of the platinum layer on the single crystal superalloy, dif- 
fusion occurs between the platinum and the single crys- 
tal superalloy to form a surface layer containing plati- 
num, nickel and other superalloy elements. The heat 
treatment diffusion step Is of sufficient time and temper- 
ature to ensure that a suitable composition is attained 
in the diffused platinum layer so that the required plati- 
num aluminide coating Is obtained following the alu- 
minising and heat treatment process steps. A conven- 
tional platinum aluminide coating 12 on a single crystal 
superalloy substrate 10 is shown in figure 1 . 
[0030] However, when a high rhenium containing sin- 
gle crystal superalloy is heat treated after deposition of 
the platinum layer, the inward diffusing platinum produc- 
es a zone enriched In rhenium and other refractory ele- 
ments, for example tungsten and chromium, In front of 
it. In the subsequent aluminising and heat treatment 
process steps, to produce the required platinum alumi- 
nide coating, the zone enriched in rhenium and other 
refractory elements Is retained within the coating. This 
zone enriched in rhenium and other refractory elements 
acts as an Initiator for the fomnation of the topologically 
close packed phases. The topologk^ally close packed 
phases are needle shaped. 

[0031 ] The topologically close packed phases fomn at 
the interface between the high rhenium containing sin- 
gle crystal superalloy and the platinum aluminide coat- 
ing. The topologically close packed phases form either 
after all the process steps for forming the platinum alu- 
minide or following exposure of the platinum aluminide 
and high rhenium containing single crystal superalloy to 
high temperatures. The topologically close packed 
phases contain high levels of rhenium, compared to the 
single crystal superalloy, and are more easily fomned as 
the rhenium content of the single crystal superalloy in- 
creases. The topologically close packed phases effect 
the performance of the single crystal superalloy compo- 
nent, because the topologically close packed phase re- 
gion has lower creep strength than the single crystal su- 
peralloy. It will therefore reduce the effective load bear- 
ing cross-section of the turbine blade, or turbine vane. 



[0032] A conventional platinum aluminide coating 22 
on a high rhenium containing single crystal superalloy 
substrate 20 after ageing at high temperature is shown 
in figure 3. Additionally topologteafly dose packed phas- 

5 es 24 are present at the interface between the platinum 
aluminide coating 22 and the high rhenium containing 
single crystal superalloy substrate 20. 
[0033] The present Invention modifies the surface of 
a high rhenium containing single crystal superalloy In a 

10 manner which allows the platinum layer to diffuse Into 
the high rhenium containing single crystal superalloy, in 
the following heat treatment step, without the fomriation 
of the zone enriched in rhenium and other refractory el- 
ements in front of the platinum. The subsequent alu- 

15 minlslng and heat treatment steps produce a platinum 
aluminide coating without topologically close packed 
phases at the Interface between the high rhenium con- 
taining single crystal superalloy and the platinum alumi- 
nide. 

20 

EXAMPLE 1 

[0034] A sample of a conventional low rhenium con- 
taining nickel based single crystal superalloy, for exam- 
25 pie CMSX4, was platinum aluminised according to the 
following procedure. 

[0035] CMSX4 Is produced by the Cannon-Muskegon 

Corporation of 2875 Lincoln Street, Muskegon, Michi- 
gan Ml 49443-0506, USA. CMSX4 has a nominal com- 
30 position of 6.4 wt% tungsten, 9.6 wt% cobalt, 6.6 wt% 
chromium, 3.0 wt% rhenium, 5.6 wt% aluminium, 6.5 
wt% tantalum, 1.0 wt% titanium, 0.1 wt% hafnium, 0.6 
wt% molybdenum, 0.006 wt% carbon and the balance 
is nickel. 

35 [0036] A platinum layer was deposited onto the low 
rhenium containing nickel based single crystal superal- 
loy by electroplating, sputtering, CVD, PVD orothersult- 
able method to a thickness In the range 2.5 to 12.5 mi- 
crometers {\m\) and was heat treated in a vacuum, or a 
40 protective atmosphere, for 1 to 4 hours at a temperature 
within the range 900*C to 1 1 50*C to diffuse the platinum 
Into the low rhenium containing nickel based single crys- 
tal superalloy. More specifically the platinum was depos- 
ited by electroplating to a thickness of 7 micrometers 
45 {^n\) and was heat treated in a vacuum for 1 hour at 
1100'C. 

[0037] Then the diffused platinum plated low rhenium 
containing nickel based single crystal superalloy was 
aluminised by pack aluminising, out of pack aluminising 

50 or CVD aluminising within the temperature range 700*C 
to 1150*C. More specifically the diffused platinum plated 
low rhenium containing nickel based single crystal su- 
peralloy was pack aluminised for 20 hours at 875*C, 
[0038] Then the platinum aluminised low rhenium 

55 containing nickel based single crystal superalloy was 
heat treated In a vacuum, or a protective atmosphere, 
for 1 hour at 1100*'C and 16 hours at 870*C. 
[0039] A low rhenium containing nickel based single 
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crystal superalloy with a platinum aluminlde coating as 
shown in figure 1 was produced. Samples of the low rhe- 
nium containing nickel based single crystal superalloy 
with a platinum aluminlde coating were exposed in cyclic 
oxidation tests for 200 hours at 1 050*^0 and for 1 00 
hours at 1100^C and no topologicaily close packed 
phases were found beneath the platinum alumrnide 
coating in either case. 

EXAMPLE 2 

[0040] Samples of a high rhenium containing nickel 
based single crystal superalloy, for example CMSX10, 
were platinum alumlnised according to thefollowing pro- 
cedure. The rhenium containing nickel based single 
crystal superalloy is known as GMSX 10 and is pro- 
duced by the Cannon-Muskegon Corporation of 2875 
Lincoln Street, Muskegon, Michigan Ml 49443-0506, U. 
SA 

This alloy has a nominal composition range of 3.5 to 6,5 
wt% tungsten , 2.0 to 5 .0 wt% cobalt, 1 . 8 to 3.0 wt% chro- 
mium, 5.5 to 6.5 wt% rhenium, 5.3 to 6.5 wt% aluminium, 
8.0 to 1 0.0 wt% tantalum, 0.2 to 0.8 wt% titanium, 0.25 
to 1 .5 wt% molybdenum, 0 to 0.03 wt% niobium, 0.02 to 
0.05 wt% hafnium, 0 to 0.04 wt% carbon and a balance 
of nickel. 

[0041] A platinum layer was deposited onto the sam- 
ples of the high rhenium containing nickel based single 
crystal superalloy by electroplating, sputtering, CVD, 
PVD or other suitable method to a thickness In the range 
2.5 to 12.5 micrometers (^m) and was heat treated in a 
vacuum, or protective atmosphere, for 1 to 4 hours at a 
temperature within the range 900**C to 1 1 SO^C to diffuse 
the platinum Into the high rhenium containing nickel 
based single crystal superalloy. More specifically the 
platinum layer was deposited by electroplating to a 
thickness of 7 micrometers (iim) and was heat treated 
fori hour at 11 00*C. 

[0042] Then the diffused platinum coated samples of 
high rhenium containing nickel based single crystal su- 
peralloy were alumlnised using pack aluminising, out of 
pack aluminising or CVD aluminising within the temper- 
ature range 700*C to 1150**C. More specifically the dif- 
fused platinum coated high rhenium containing nickel 
based single crystal superalloy samples were alu- 
mlnised using out of pack aluminising for 6 hours at 
1080*C. 

[0043] Then the platinum alumlnised samples of high 
rhenium containing nickel based single crystal superal- 
loy was heat treated in a protective atmosphere for 1 
hour at 1100*C and 16 hours at 870**C. 
[0044] A high rhenium containing nickel base single 
crystal single crystal superalloy substrate 20 with a plat- 
inum aluminlde coating 22 is shown in figure 2. 
[0045] One of the samples was examined and zones 
containing topologicaily close packed phases were 
found to a depth of 30 micrometers (^m) at the interface 
between the platinum aluminlde and the rhenium con- 



taining nickel based single crystal superalloy 
[0046] Samples of the high rhenium containing nickel 
based single crystal superalloy with a platinum alumi- 
nlde coating were exposed in cyclte oxidation tests for 

5 1 00 hours at 1100**C, and subsequent examination re- 
vealed growth of the topologicaily close packed phases 
to form a continuous zone with a depth of 160 microm- 
eters (p/n) at the Interface between the platinum alumi- 
nlde and the rhenium containing nickel based single 

10 crystal superalloy. 

[0047] A high rtienlum containing nickel based single 
crystal superalloy substrate 20 with a platinum alumi- 
nide coating 22 after ageing at a temperature of 1 1 0O'^C 
is shown in figure 3, which has topologicaily close 

IS packed phases 24. 

EXAMPLES 

[0048] Samples of a high rhenium containing nickel 

20 based single crystal superalloy were platinum alu- 
mlnised according to the following procedure. The high 
rhenium containing nickel based single crystal superal- 
loy is known as CMSX 10 and Is produced by the Can- 
non-Muskegon Corporation of 2875 Lincoln Street, 

25 Muskegon. Michigan Ml 49443-0506, U.S.A. This alloy 
has a nominal composition as discussed above. 
[0049] Samples of the high rhenium containing nickel 
based single crystal superalloy had there surfaces mod- 
ified by fomiatlon of a chromium enriched surface layer 

30 using electroplating, sputtering, CVD, PVD or other suit- 
able methods plus a diffusion heat treatment in vacuum, 
or protective atmosphere. More specifically the chromi- 
um enrichment was accomplished by out of pack 
chromising for 3 hours at a temperature of HOO'^C to 

35 form a chromium enriched surface layer 15 micronme- 
ters (jim) in depth. 

[0050] A platinum layer was deposited onto the chro- 
mium enriched high rhenium containing nickel based 
single crystal superalloy by electroplating, sputtering, 

40 CVD, PVDorothersuitablemethodtoathlcknessinthe 
range 2.5 to 12.5 micrometers (\m)) and was heat treat- 
ed in a vacuum, or protective atmosphere, for 1 to 4 
hours at a temperature within the range 900*^0 to 
1150**C to diffuse the platinum into the high rhenium 

45 containing nickel based single crystal superalloy. More 
specifically the platinum layer was deposited by electro- 
plating to a thickness of 7 micrometers {}jjn) and was 
heat treated for 1 hour at 1100*C. 
[0051 ] Then the chromlsed, diffused, platinum coated 

50 high rhenium containing nickel based single crystal su- 
peralloy was aluminised by pack aluminising, out of 
pack aluminising or CVD aluminising within the temper- 
ature range 700*C to 1150*C. More specifically the 
chromlsed, diffused, platinum coated high rhenium con- 

55 taining nickel based single crystal superalloy samples 
were alumlnised using out of pack aluminising for 6 
hours at 1080*C. 

[0052] The platinum alumlnised chromlsed high rhe- 
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nium containing nickel based single crystal superalloy 
was heat treated for 1 hour at 1100*C plus 16 hours at 
870*C. 

[0053] One of the samples was examined and no 

zones containing topologically close packed phases 
were found at the Interface between the platinum aluml- 
nide and the high rhenium containing nickel based sin- 
gle crystal superalloy. 

[0054] Some of the samples were exposed to an ox- 
idising environment for 1 00 hours at 1100*C, and sub- 
sequent examination revealed no topoioglcaliy close 
packed phases at the Interface between the platinum 
aluminide and the high rhenium containing nickel based 
single crystal superalloy. 

[0055] A high rhenium containing nickel base single 
crystal single crystal superalloy substrate 30 with a chro- 
mium modified platinum aluminide coating 32 is shown 
in figure 4. 

EXAMPLE 4 

[0056] Samples of a high rhenium containing nickel 
based single crystal superalloy was platinum alumlnlsed 
according to the following procedure. The high rhenium 
containing nickel based single crystal superalloy Is 
known as CMSX 10 and is produced by the Cannon- 
Muskegon Corporation of 2876 Lincoln Street, Muske- 
gon, Michigan Ml 49443-0506, U.S.A. This alloy has a 
nominal composition as discussed above. 
[0057] Samples of the high rhenium containing nickel 
based single crystal superalloy had there surfaces mod- 
ified by formation of a cobalt enriched surface layer us- 
ing electroplating, sputtering, CVD, PVD or other suita- 
ble methods plus a diffusion heat treatment in vacuum, 
or protective atmosphere. A cobalt layer was deposited 
onto the high rhenium containing single crystal superal- 
loy by electroplating, sputtering, CVD, PVD orothersuit- 
able method to a thickness of 2.5 to 12.6 micrometers 
(fim) and was heat treated In a vacuum, or protective 
atmosphere, for 1 to 4 hours at a temperature within the 
range 900^C to 1160*C. 

[0058] More specifically the cobalt layer was deposit- 
ed onto the high rhenium containing nickel based single 
crystal superalloy by electroplating to a thickness of 7 
micrometers (jim) and was heat treated in a vacuum for 

1 hour at 1100'»C. 

[0059] A platinum layer was deposited onto the cobalt 
enriched high rhenium containing nickel based single 
crystal superalloy by electroplating, sputtering, CVD, 
PVD or other suitable method to a thickness in the range 
2.5 to 1 2.5 micrometers (}im) and was heat treated in a 
vacuum, or protective atmosphere, for 1 to 4 hours at a 
tennperature within the range 900**C to 11 50'*C to diffuse 
the platinum into the high rhenium containing nickel 
based single crystal superalloy. More specifically the 
platinum layer was deposited by electroplating to a 
thickness of 7 micrometers (^im) and was heat treated 
fori hourat1100*C. 



[0060] Then the cobalt enriched, diffused, platinum 
coated high rhenium containing nickel based single 
crystal superalloy was alumlnlsed by pack alumlnising, 
out of pack alumlnising or CVD alumlnising within the 

5 temperature range 700*C to 1150*C. More specifically 
the cobalt enriched, diffused, platinum coated high rhe- 
nium containing nickel based single crystal superalloy 
samples were alumlnlsed using out of pack alumlnising 
for 6 hours at 1080*C. 

10 [0061] The platinum alumlnlsed cobalt enriched high 
rhenium containing nickel based single crystal superal- 
loy was heat treated for 1 hour at 1 1 0O^C plus 1 6 hours 
at 870*C. One of the samples was examined and no 
zones containing topologically close packed phases 

15 were found at the interface between the platinum alumi- 
nide coating and the high rhenium containing nickel 
based single crystal superalloy 
[0062] A high rhenium containing nickel base single 
crystal single crystal superalloy substrate 40 with a co- 

20 bait modified platinum aluminide coating 42 is shown in 
figure 5. 

[0063] Some of the samples were exposed to an ox- 
idising environment for 100 hours at 1100*C, and sub- 
sequent examination revealed no topologically close 
25 packed phases at the interface between the platinum 
aluminide and the high rhenium containing nickel based 
single crystal superalloy. 

[0064] A high rhenium containing nickel base single 
crystal single crystal superalloy substrate 40 with a co- 

30 bait modified platinum aluminide coating 42 after expo- 
sure to an oxidising environment is shown in figure 6. 
[0065] Although the present Invention has referred to 
high rhenium containing nickel based single crystal su- 
peralloys the invention is also applicable to any high rhe- 

35 nium containing nickel based superalloys. 

[0066] Although the invention has referred to platinum 
aluminide coatings the invention Is also applicable to 
other platinum-group metal aluminide coatings, for ex- 
ample palladium aluminide, rhodium aluminide or com- 

40 blnations of these platinum-group metal aluminide coat- 
ings. 

[0067] The Invention is also applicable to the produc- 
tion of platinum-group metal aluminide bond coatings on 
high rhenium containing nickel based superalloys force- 
ps ramk; themnal barrier coatings, for example plasma 
sprayed, or PVD, ceramic themnal barrier coatings. 
[0068] Although the invention has referredto platinum 
aluminide coatings the invention Is also applicable to 
platinum alumlnide-sllicide coatings, aluminide-slliclde 
50 coatings and simple aluminide coatings or other suitable 
aluminide coatings. 

[0069] In the case of the platinum aluminide-silicide 
coatings the surface of the high rhenium containing sin- 
gle crystal superalloy is modified by applying the chro- 
55 mium or cobalt and heat treating before applteatlon of 
the platinum aluminide-silicide coating. 
[0070] In the case of the alumlnlde-sllfclde coatings 
and aluminide coatings the surface of the high rhenium 



6 



11 



EP0 821 076 B1 



12 



containing superalloy is modified by applying the chro- 
mium or cobalt and heat treating before application of 
the aluminide coating or aluminide-siiicide coating. 



Claims 

1. A method of aluminising a high rhenium containing 
superalloy substrate (30,40), the high rhenium con- 
taining superalloy comprises at least 3.5wt% rhe- 
nium, the method comprising the steps of: 

(a) modifying the surface of the high rhenium 
containing superalloy substrate (30,40) by ap- 
plying a layer of chromium or cobalt to the sur- 
face of the high rhenium containing superalloy 
substrate (30,40) and heat treating to diffuse 
the chromium or cobalt into the high rhenium 
containing superalloy substrate (30,40) to re- 
duce the rhenium content of the surface of the 
high rhenium containing superalloy substrate 
(30,40), and 

(b) aluminising the high rhenium containing su- 
peralloy substrate (30,40)to form an aluminide 
coating (32). 

2. A method as claimed in claim 1 wherein step (a) 
comprises applying the chromium or cobalt to the 
high rhenium containing superalloy substrate 
(30,40) by electroplating, sputtering, pack diffusion, 
out of pack diffusion, CVD or PVD. 

3. A method as claimed in claim 1 or claim 2 wherein 
step (a) comprises heat treating at a temperature In 
the range of 900*C to 1150*C for 1 to 4 hours. 

4. A method as claimed in claim 1 wherein step (a) 
comprises applying a layer of cobalt to a thickness 
of 2.5 to 1 2.6 micrometers to the high rhenium con- 
taining superalloy substrate (40) by electroplating 
and heat treating at a temperature in the range of 
900X to 1150°C for 1 to 4 hours. 

5. A method as claimed in claim 1 wherein step (a) 
comprises chromtsing the surface of the high rhe- 
nium containing superalloy substrate (30) at a tem- 
perature of 1100**C for 3 hours. 

6. A method as claimed in any of claims 1 to 6 wherein 
step (b) comprises aluminising at a temperature in 
the range 700*Cto 1150*C. 

7. A method as claimed in any of claims 1 to 6 wherein 
step (b) comprises pack aluminising, out of pack 
gas phase aluminising, chemical vapour deposition 
or slurry aluminising. 

8. A method as claimed In any of claims 1 to 7 wherein 



the high rhenium containing superalloy substrate 
(30,40) comprises 4 to 8 wt% rhenium. 

9. A method as claimed in claim 8 wherein the high 
5 rhenium containing superalloy substrate (30,40) is 

nickel based. 

10. A method as claimed In claim 8 or claim 9 wherein 
the high rhenium containing superalloy substrate 

10 (30,40) comprises 3.5 to 6.5 wt% tungsten, 2.0 to 
5.0 wt% cobalt, 1 .8 to 3.0 wt% chromium, 5.5 to 6.5 
wt% rhenium, 5.3 to 6.5 wt% aluminium, 8.0 to 10.0 
wt% tantalum, 0.2 to 0.8 wt% titanium, 0.25 to 1 .5 
wt% molybdenum, 0 to 0.03 wt% niobium, 0.02 to 

IS 0.05 wt% hafnium, 0 to 0.04 wt% carbon and a bal- 
ance of nickel plus incidental Impurities. 

1 1 . A method as claimed in any of claims 1 to 1 0 com- 
prising after step (a) and before step (b) the addl- 

20 tional steps of: 

(c) applying a layer of platinum-group metal to 
the modified surface of the high rhenium con- 
taining superalloy substrate (30,40), 
25 (d) heat treating the platinum-group metal coat- 

ed high rhenium containing superalloy sub- 
strate (30,40) to diffuse the platinum-group 
metal into the high rhenium containing superal- 
loy substrate (30,40), 
30 and after step (b) the additional step of: 

(e) heat treating the aluminised, platinum- 
group metal coated high rhenium containing 
superalloy substrate (30,40)tofonn a platinum- 
group metal aluminide coating (32). 

35 

12. A method as claimed In claim 11 wherein step (c) 
comprises applying a layer of platinum-group metal 
by electroplating, sputtering, CVD or PVD to athick- 
ness between 2.5 mterometers and 1 2.5 microme- 

40 ters. 

13. A method as claimed in claim 11 orclaim 12wherein 
step (c) comprises applying a layer of platinum. 

45 1 4. A method as claimed in claim 1 1 , claim 1 2 or claim 
1 3 wherein step (c) comprises heat treating at a 
temperature In the range of 900*C to HSO'^C for 1 
to 4 hours. 

50 1 5. A method as claimed in any of claims 1 1 to 1 4 com- 
prising the additional step (f) of depositing a ceramic 
thermal bamer coating on the platinum-group metal 
aluminide coating (32). 

55 16. A method as claimed In claim 15 wherein the de- 
positing of the ceramic thermal barrier coating Is by 
plasma spraying or PVD. 
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1 7. A method as claimed i n any of claims 1 to 1 4 where- 
in step (b) comprises diffusing silicon into the high 
rhenium containing superalloy substrate during the 
aiumlnising step to lom an aluminide-siiioide coat- 
ing. 

1 8. A method as claimed in claim 1 7 comprising depos- 
iting a slurry containing elemental aluminium and 
silicon powders and heat treating to diffuse the alu- 
minium and silicon into the high rhenium containing 
superalloy substrate. 

19. A method as claimed in claim 1 8 comprising repeat- 
edly depositing a slurry containing elemental alu- 
minium and silicon powders and heat treating to dif- 
fuse the aluminium and silicon into the high rhenium 
containing superalloy. substrate. 

20. A method as claimed in claim 11 comprising diffus- 
ing silicon into the high rhenium containing super- 
alloy substrate during step (b) or during step (d) to 
forni an alumlnide-slllclde coating. 

21 . A method as claimed In claim 20 comprising depos- 
iting a slurry containing elemental aluminium and 
silicon powders and heat treating to diffuse the alu- 
minium and silicon into the high rhenium containing 
superalloy substrate. 

22. A method as claimed In claim 21 comprising repeat- 
edly depositing a slurry containing elemental alu- 
minium and silicon powders and heat treating to dif- 
fuse the aluminium and silicon Into the high rhenium 
containing superalloy substrate. 

23. A superalloy article having an aluminide coating ob- 
tainable by the method in any of claims 1 to 22. 



PatentansprOche 

1. Verfahren zur Aluminlsierung eines Superiegie- 
rungs-Substrats (30, 40) mit hohem Rhenlumge- 
halt, wobei die Superieglerung mit hohem Rheni- 
umgehalt wenigstens 3,5 Gewichtsprozent Rheni- 
um enthalt, und wobei das Verfahren diefolgenden 
Schritte aufweist: 

(a) es wird die Oberflache des Superlegle- 
rungs-Substrats (30, 40) mit hohem Rhenium- 
gehalt dadurch modlfiziert, daB eine Schicht 
aus Chrom oder Kobalt auf die Oberflache des 
Superiegierungs-Substrats (30, 40) mit hohem 
Rheniumgehalt aufgetragen wIrd und eine 
WSnnebehandlung durchgefuhrt wird, um 
Chrom Oder Kobalt In das Superiegierungs- 
Substrat (30, 40) mit hohem Rheniumgehalt dlf- 
fundieren zu lassen, und um dadurch den Rhe- 



niumgehalt der Oberflache des Superiegie- 
rungs-Substrats (30, 40) mit hohem Rhenium- 
gehalt zu reduzieren, und 

5 (b) es wird das Superleglerungs-Substrat (30, 

40) mit hohem Rheniumgehalt aluminislert, um 
einen Aluminid-Oberzug (32) zu schaffen. 

2. Verfahren nach Anspruch 1, bel welchem der 

10 Schritt (a) dadurch bewirkt wird, daB Chrom Oder 
Kobalt auf das Superiegierungs-Substrat (30, 40) 
mit hohem Rheniumgehalt durch Elektroplattie- 
rung, durch Sputtering, durch Pack-Diffusion, durch 
pacl<freie Diffusion, durch ein CVD-Verfahren oder 

IS durch eIn PVD-Verfahren aufgebracht wird. 

3. Verfahren nach den AnsprOchen 1 oder 2, bel wel- 
chem der Schritt (a) eine Warmebehandlung bel ei- 
ner Temperatur In dem Bereich zwischen 900* C 

20 und 1150* C wahrend einer Zeitdauer von 1 bis 4 
Stunden umfaBt. 

4. Verfahren nach Anspruch 1 , bei welchem mit dem 
Schritt (a) eine Schicht aus Kobalt in einer Dicke 

25 zwischen 2,5 und 12,5 MIkrometer auf das Super- 
iegierungs-Substrat (40) mit hohem Rheniumgehalt 
durch Eiektroplattierung aufgetragen wird und die 
Wamrjebehandlung mit einer Temperatur im Be- 
reich zwischen 900* C bis 1 1 50* C fur 1 bis 4 Stun- 

30 den durchgefuhrt wird. 

5. Verfahren nach Anspruch 1 , bel welchem in dem 
Schritt (a) die Oberflache des Superiegierungs- 
Substrats (30) mit hohem Rheniumgehalt bel einer 

35 Temperatur von 1 1 00* C fur 3 Stunden chromislert 
wird. 

6. Verfahren nach elnem der AnsprQche 1 bis 5, bei 
welchem Im Schritt (b) die Aluminislerung bei einer 

40 Temperatur in dem Bereich zwischen 700* 0 und 
1150* C durchgefuhrt wird. 

7. Verfahren nach elnem der AnsprCiche 1 bis 6, bei 
welchem Im Schritt (b) eine Pack-Aluminlslerung, 

45 eine packfreie Gas-Phasen-Aluminisierung, eine 
chemische Dampfablagerung oder eine Schlamm- 
Aluminlsleaing durchgefuhrt wird. 

8. Verfahren nach einem der AnsprOche 1 bis 7, bei 
50 welchem das Superiegierungs-Substrat (30, 40) mit 

hohem Rheniumgehalt 4 bis 8 Gewichtsprozent 
Rhenium enthaft. 

9. Verfahren nach Anspruch 8, bel welchem das Su- 
55 periegiemngs-Substrat (30, 40) mit hohem Rheni- 
umgehalt eine auf Nickel basierende Superiegle- 
rung ist. 
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10. Verfahren nach den Anspruchen 8 oder 9, bei wel- 
chem das Superlegierungs-Substrat (30, 40) mit 
hohem Rheniumgehalt3,5 bis 6,6 Gewichtsprozent 
Wolfram, 2,0 bis 5,0 Gewichtsprozent Kobaft, 1,8 
bis 3,0 Gewichtsprozent Chrom, 5,6 bis 6,5 Ge- 
wichtsprozent Rhenium, 5,3 bis 6,5 Gewichtspro- 
zent Aluminium, 8,0 bis 10,0 Gewichtsprozent Tan- 
tal, 0,2 bis 0,8 GewlchtsprozentTltan, 0,25 bis 1 ,6 
Gewichtsprozent Molybden, 0 bis 0,03 Gewichts- 
prozent Niob, 0,02 bis 0,05 Gewichtsprozent Hafni- 
um, 0 bis 0,04 Gewichtsprozent Kohlenstoff und als 
Rest NIclcel plus zufallige Verunreinigungen enthM. 

11. Verfahren nach einem der Anspruche 1 bis 10, bei 
welchem nach Durchfiihrung des Schrlttes (a) und 
vor Durchfiihrung des Schrittes (b) die folgenden 
zusatzllchen Schritte durchgefQhrt werden: 

(c) es wird eine Schlcht aus einem Metali der 
Platin-Gruppe auf die modlflzierte Oberflache 
des Superiegierungs-Substrats (30, 40) mit ho- 
hem Rheniumgehalt aufgetragen, 

(d) es wird das Superlegierungs-Substrat (30, 
40) mit hohem Rheniumgehalt und dem Uber- 
zug aus dem IVIetad der Platin-Gruppe einer 
Wamiebehandlung untenworfen, urn das Metal! 
der Platin-Gruppe In das Superlegierungs-Sub- 
strat (30, 40) mit hohem Rheniumgehalt diffun- 
dieren zu lassen, 

und wobei nach dem Schritt (b) der folgende 
zusStzliche Schritt durchgefuhrt wird: 

(e) es wird das Superlegierungs-Substrat (30, 
40) mit hohem Rheniumgehalt und dem Uber- 
zug aus einem Metali der Platin-Gruppe mit 
Wanne behandelt und aluminisiert, um einen 
Metali-Aluminid-Oberzug (32) mit einem Metali 
der Platin-Gruppe zu schaffen. 

12. Verfahren nach Anspruch 11, bei welchem Im 
Schritt (c) eine Schicht aus einem Metal! der Platln- 
Gmppe durch Elektroplattierung, Sputtering, durch 
ein CVD-Verfahren oder eln PVD-Verfahren bis zu 
einer DIclce zwischen 2,5 Milcrometer und 12,5 Ml- 
krometer aufgetragen wird. 

13. Veri'ahren nach den Anspruchen 11 oder 12, bei 
welchem Im Schritt (c) eine Schicht aus Platin auf- 
getragen wird. 

14. Verfahren nach den Anspriichen 11 , 12 oder 13, bei 
welchem im Schritt (c) eine WIrmebehandlung bei 
emerJemperatur Im Berelch zwischen 900* C und 
1150* C fur 1 bis 4 Stunden durchgefQhrt wird. 

15. Verfaliren nach einem der AnsprQche 11 bis 14, 
welches den zusatzlichen Schritt (f) umfaBt, mit 



dem eln keramlscher thermischer Barrieren-Ober- 
zug auf dem Platln-Gruppen-Metatl-Alumlnid-Uber- 
zug (32) aufgetragen wird. 

5 16. Verfahren nach Anspruch 16, bei welchem die Ab- 
lagerung des keramischen thermischen Baniere- 
Uberzugs durch Plasma-Spritzen oder eln PVD- 
Verfahren erfoigt. 

10 17. Verfahren nach einem der Anspruche 1 bis 14, bei 
welchem im Schritt (b) Silizium wahrend des Alumi- 
nlsierungs-Schrlttes in das Superlegierungs-Sub- 
strat mit hohem Rheniumgehalt diffundiert, um ei- 
nen Aluminid-Silizid-Uberzug zu erzeugen. 

15 

18. Verfahren nach Anspmch 17, bei welchem ein ele- 
mentares Alumlniumpufver und Sllizlumpulver ent- 
haltender Brel abgelagert und einer WSrmebehand- 
lung untenworfen wird, damit Aluminium und Siilzl- 

20 um in das Superieglerungs-Substrat mit hohem 
Rheniumgehalt diffundieren kbnnen. 

19. Verfahren nach Anspaich 18, bei welchem wleder- 
holt ein elementares Alumlniumpulver und Sllizium- 

25 pulver enthaltender Brel abgelagert und einer War- 
mebehandiung unterworfen wird, damit Aluminium 
und Silizium In das Superieglerungs-Substrat mit 
hohem Rheniumgehalt diffundieren konnen. 

30 20. Verfahren nach Anspmch 11 , be! welchem wahrend 
des Schrlttes (b) oder wahrend des Schrittes (d) Si- 
lizium in das Superlegierungs-Substrat mit hohem 
Rheniumgehalt diffundiert, um einen Alumlnid-Slli- 

zid-Uberzug zu schaffen. 

35 

21. Verfahren nach Anspruch 20, bei welchem ein ele- 
mentares Alumlniumpulver und Siliziumpulver ent- 
haltender Brel abgelagert und einer Wamiebehand- 
lung unterworfen wird, damit Aluminium und Silizi- 

40 um in das Superieglerungs-Substrat mit hohem 
Rheniumgehalt diffundieren konnen. 

22. Verfahren nach Anspruch 21 , bei welchem wleder- 
holt ein elementares Alumlniumpulver und Slllzium- 

45 pulver enthaltender Brel abgelagerf und etner War- 
mebehandlung unten/^orfen wird, damit Aluminium 
und Silizium in das Superieglerungs-Substrat mit 
hohem Rheniumgehalt diffundieren kdnnen. 

50 23. Aus einer Superiegierung bestehender Gegen- 
stand mit einem Alumlnld-Oberzug, hergestellt 
durch das Verfahren nach einem der Anspruche 1 
bis 22. 

55 

Revendications 

1. Proc6d§ d'aluminlsatlon d'un substrat de superal- 
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liage k haute teneur en rhenium (30, 40), le supe- 
ralliage k haute teneur en rh^niunn comprenant au 
moins 3,5 % en poids de rhenium, le proc6d6 com- 
prenant les §tapes de : 

(a) modifier la surface du substrat de superal- 
iiage k haute teneur en rhenium (30, 40) en ap- 
pllquant une couche de chrome ou de cobalt 
sur ia surface du substrat de superatliage k 
haute teneur en rhenium (30, 40) et le tralter 
themilquement pour faire diffuser le chrome ou 
le cobalt dans le substrat de superalllage k hau- 
te teneur en rhenium (30, 40) pour r6dulre ia 
teneur en rhdnlum de la surface du substrat de 
superalllage k haute teneur en rhenium (30, 
40), et 

(b) alumlniser le substrat de superalllage k hau- 
te teneur en rhenium (30, 40) pour fonner un 
rev§tement d'alumlnure (32). 

2. Proc6d6 selon la revendlcation 1 , dans lequel r6ta- 
pe (a) comprend d'appliquer le chrome ou le cobalt 
sur le substrat de superalllage k haute teneur en 
rhenium (30, 40) par^lectro-plaquage, vaporisation 
sous vide, diffusion en paquet, diffusion hors pa- 
quet, deposition en phase gazeuse par proc§d§chi- 
mique ou deposition en phase gazeuse par procSde 
physique. 

3. Proc6d6 selon la revendlcation 1 ou 2, dans lequel 
Petape (a) comprend de traiter themniquement k 
une temperature de I'ordre de QOO^'C k 11 50^C pen- 
dant 1 k 4 heures. 

4. Precede selon la revendication 1 , dans lequel I'eta- 
pe (a) comprend d'appllquer une couche de cobalt 
avec une epaisseur de 2,5 a 12,5 micromdtres sur 
le substrat de superalllage k haute teneur en rhe- 
nium (40) par eiectro-plaquage et de traiter thermi- 
quement k une temperature de i'ordre de 900**C k 
1150*C pendant 1 & 4 heures. 

5. Precede selon la revendlcation 1 , dans lequel reta- 
pe (a) comprend de chromer la surface du substrat 
de superalllage k haute teneur en rhenium (30) k 
une temperature de 1100*C pendant 3 heures. 

6. Precede selon I'une quelconque des revendications 
1 ^5, dans lequel retape (b) comprend d'aluminiser 
k une temperature de I'ordre de 700*C k 1150'C. 

7. Precede selon I'une quelconque des revendications 
1^6, dans lequel retape (b) comprend d'alumlnlser 
en paquet, d'alumlnlser hors paquet en phase ga- 
zeuse, de deposer en phase vapeur par precede 
chimique ou d'alumlnlser par coulis. 

8. Precede selon Tune quelconque des revendications 



1 k 7, dans lequel le substrat de superalllage a hau- 
te teneur en rhenium (30, 40) comprend 4^8% en 
poids de rhenium. 

5 9. Precede selon la revendication 8, dans lequel le 
substrat de superalllage k haute teneur en rhenium 
(30, 40) est k base de nickel. 

10. Precede selon la revendication 8 ou 9, dans lequel 
10 le substrat de superalllage k haute teneur en rhe- 
nium (30, 40) comprend 3,5 & 6,5 % en poids de 
tungstene, 2,0 k 5,0 % en poids de cobalt, 1 ,8 d 3.0 
% en poids de chrome, 5,5 k 6,5 % en poids de rhe- 
nium, 5,3 k 6,5 % en poids d'alumlnium, 8,0 k 10,0 

IS % en poids de tantale, 0,2 k 0,8 % en poids de tita- 
ne, 0,25 k 1 ,5 % en poids de molybdene, 0 k 0,03 
% en poids de niobium, 0,02 k 0,05 % en poids 
d'hafnium, 0 k 0,04% en poids decarbone et le res- 
te de nickel plus des impuretes incidentes. 

20 

1 1 . Precede selon I'une quelconque des revendications 
1^10 comprenant apr^s Petape (a) et avant retape 
(b) les etapes additionnelles de : 

25 (c) appliquer une couche de metal du groupe 

du platine sur la surface modifiee du substrat 
de superalllage k haute teneur en rhenium (30, 
40), 

(d) traiter themiiquement le substrat de supe- 
30 ralliage k haute teneur en rhenium (30, 40) re- 

vetu de metal du groupe du platine pour faire 
diffuser le metal du groupe du platine dans le 
substrat de superalllage k haute teneur en rhe- 
nium (30, 40), 

35 et apres retape (b) retape addltlonnelle 

de: 

(e) traiter thermiquement le substrat de supe- 
ralllage k haute teneur en rhenium (30, 40) re- 
vetu de metal du groupe du platine aluminlse 

40 pour former un revStement d'alumlnure de me- 

tal du groupe du platine (32). 

12. Precede selon la revendlcation 11, dans lequel 
retape (c) comprend d'appliquer une couche de me- 

45 tal du groupe du platine par eiectro-plaquage, va- 
porisation sous vide, deposition en phase vapeur 
par precede chimique ou deposition en phase va- 
peur par precede physique avec une epaisseur sl- 
tuee entre 2,5 micrometres et 12,5 micrometres. 

50 

13. Precede selon la revendication 11 ou 12, dans le- 
quel retape (c) comprend d'appliquer une couche 
de platine. 

55 14, Precede selon la revendication 11, 12 ou 13, dans 
lequel retape (c) comprend de traiter thermique- 
ment k une temperature de I'ordre de 900*C k 
IISO^'C pendant 1 k 4 heures. 
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15. Proced^selonrunequelconquedesrevendicatlons 
11 & 14 comprenant I'^tape additionneile (f) de d6- 
poser une couche barrifere thermique c^ramique 
sur le rev&tement d'aluminure de m^tal du groupe 

du platlne (32). s 

16. Proc§d§ selon ia revendlcation 15, dans (equel la 
deposition du rev^tement de barri^re thennlque c6- 
ranaique est r^alis^e par pulverisation de plasma ou 
deposition en phase vapeur par proc6de physique, 

17. Proc§d6 selon Tune quelconque des revendications 
1^14, dans lequel T^tape (b) comprend de faire 
diffuser du siliclum dans le substrat de superalliage 

k haute teneur en rhenium pendant Titape d'alumh is 
nisatlon pourformer un rev§tement de sillclure-atu- 
mlnure. 

18. Precede selon la revendlcation 17 comprenant de 
deposer un coulis contenant des poudres d'alumi- 20 
nium et de slllcium eiementaires et de trailer ther- 
mlquement pour faire diffuser ratuminium et le sili- 
clum dans le substrat de superaillage k haute te- 
neur en rhenium. 

25 

19. Precede selon la revendlcation 18 comprenant de 
deposer de maniere r6p6tee un coulis contenant 
des poudres d'aluminium et de siliclum eiementai- 
res et de tralter thennlquement pour diffuser I'alu- 
mlnlum et le siliclum dans le substrat de superaiila- 30 
ge k haute teneur. en rhenium. 

20. Precede selon la revendlcation 1 1 comprenant de 
faire diffuser du siliclum dans le substrat de supe- 
ralliage k haute teneur en rhenium pendant I'etape 
(b) ou pendant I'etape (d) pour fonner un rev§te- 
ment d'aluminure-slliciure. 

21 . Procede selon la revendlcation 20 comprenant de 
deposer un coulis contenant des poudres d'alumi- 40 
nium et de siliclum eiementaires et de traiter ther- 
miquement pour faire diffuser I'alumlnlum et le sili- 
clum dans le substrat de superalliage k haute te- 
neur en rhenium. 

45 

22. Precede selon la revendlcation 21 comprenant de 
deposer de maniere repetee un coulis contenant 
des poudres d'aluminium et de siliclum eiementai- 
res et de traiter themilquement pour diffuser i'alu- 
mlnlum et le siliclum dans le substrat de superallia- so 
ge k haute teneur en rhenium. 

23. Article en superalliage ayant un revetement d'alu- 
minure obtenu par ie precede selon I'une quelcon- 
que des revendications 1 & 22. ss 
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Fig.5. 
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